Background and Purpose: The dynamics of leukocyte infiltration in human cerebral ischemia were
It has been implied that leukocytes contribute to postischemic damage in a number of tissues. Leukocyte infiltration in cerebral ischemia has been demonstrated in experimental animal studies.12 Leukopenic animals showed better recovery of electrophysiological functioning and no areas of very low blood flow after cerebral ischemia,3-7 suggesting active participation of leukocytes in postischemic neuronal damage. In humans, impaired filterability of white cells, [8] [9] [10] [11] increased granulocyte adhesion,12 and activation of leukocytes after stroke13 have been reported. High leukocyte count in peripheral blood was claimed to be predictive of the risk of further strokes. [14] [15] [16] Leukocyte infiltration in human cerebral infarcts have been reported using conventional static brain scintigraphy and leukocyte labeling with indium-111 tropolonate. 17 We studied the dynamics of in vivo leukocyte infiltration using technetium-99m hexamethylpropyleneamine oxime (9`'Tc HMPAO)-labeled leukocyte brain singlephoton emission computed tomography (SPECT). Supported by the National Scientific Council of the Republic of China (grant NSC81-0412-B-075A-540).
Preparation of Leukocytes
Autologous leukocytes were isolated and labeled with 99mTc HMPAO with minor modifications of the technique of Uno et al. 18 Briefly, 36 ml fresh venous blood was drawn and anticoagulated with 4 ml acid-citratedextrose. A concentrated pellet of leukocytes was obtained after differential speed centrifugation. 99mTc HM-PAO was formed by reconstituting a commercial vial of HMPAO (Ceretec, Amersham International Plc., United Kingdom) with 5 ml of 30 mCi fresh`smTc pertechnetate. After incubating the pellet of leukocytes in 10-15 mCi 9`"Tc HMPAO for 15 minutes at room temperature, the labeled leukocytes were separated by high-speed centrifugation. The labeled leukocytes were resuspended in 5 ml of 0.9% saline solution for reinjection into the patient. The in vitro viability study of labeled leukocytes by the tryphan blue rejection was greater than 90%, the recovery ratio of the labeled leukocytes in total blood after 40 minutes of intravenous injection was 42.0+4.7% (mean+1 SD), and the labeling efficiency was 72+7% (mean±1 SD). 19 Brain SPECT Imaging Two separate brain SPECT scans were performed. The scan for the cerebral blood flow study was performed 5-10 minutes after intravenous injection of 10-15 mCi 99mTc HMPAO initially; then the scan for the study of leukocyte infiltration was performed 24 hours after the injection of`smTc HMPAO-labeled leukocytes the following day. An APEX 609R system (Elscint Ltd., showed a chronic infarct in the territory of the right middle cerebral artery. Middle panel: 99mTc HMPAO brain SPECT showed a perfusion defect in the territory of the right middle cerebral artery, corresponding to the infarcted area shown by CT. The area ofperfusion defect and the homologous area of the contralateral hemisphere were outlined by a manual cursor, and then the asymmetry index of cerebral blood flow was calculated as described in the text Bottom panel: 9QmTc HMPAO-labeled leukocyte brain SPECT showed no definite leukocyte infiltration in the area of perfusion defect shown by QQmTc HMPAO brain SPECT. The same regions of interest were outlined, and the asymmetry index of leukocyte infiltration was calculated as described above.
Haifa, Israel) was used for data acquisition and reconstruction. An Elscint APC-4R high-resolution collimator and Elscint APC-3R medium resolution collimator were used for 99mTc HMPAO brain SPECT and 99mTc HMPAO-labeled leukocyte brain SPECT, respectively.
Data were acquired in a 64x64 matrix through a 3600 rotation at an angular interval of 60. Reconstruction was performed by a standard back projection using a Hanning filter for a 64x64 matrix image. Images of transverse axial coronal, and sagittal planes were obtained in each study. The transverse axial plane was parallel to the orbitomeatal line. In each plane, 16 images were obtained.
Region of Interest Analysis
We selected transverse axial slices at the same level from 99mTc HMPAO brain SPECT and 99mTc HMPAOlabeled leukocyte brain SPECT for region of interest (ROI) analysis. The slice that showed maximal perfusion defect in 99mTc HMPAO brain SPECT was chosen; then ROIs were drawn with a manual cursor to include the area of perfusion defect and the homologous area of the contralateral hemisphere. The same ROls were drawn in the 99mTc HMPAO-labeled leukocyte brain SPECT. For semiquantitative measurement, the differences of radioactivities in ROIs were calculated as the asymmetry index (AI) with the following equation:
Patients
Twenty-two patients diagnosed as having hemispheric ischemic stroke of the middle cerebral artery territory were examined with both 99mTc HMPAO brain SPECT and 99mTc HMPAO-labeled (Figure 1) . However, in all cases of acute hemispheric ischemic stroke, leukocyte infiltration was present in areas of perfusion defect during the acute stage (Figure 2 ). The AI of leukocyte infiltration is summarized in Table 1 . There was a statistically significant difference in Al between chronic hemispheric ischemic stroke and the first week after the onset of acute hemispheric ischemic stroke. No statistically significant differences in AI were present when comparing the first week after onset with other weeks in acute hemispheric ischemic stroke. But the leukocyte infiltration persisted for no less than 5 weeks after onset and then declined as shown in Figure 3 .
Discussion
Pozzilli et all7 had demonstrated leukocyte infiltration in human cerebral infarcts. In their study, however, the relation between the perfusion defect and leukocyte infiltration was not studied. Of the eight patients they studied, only one patient was examined twice, so the serial changes of leukocyte infiltration were not explored. Our study clearly shows the dynamics of leukocyte infiltration in acute hemispheric ischemic stroke, High leukocyte infiltration, as measured with 99mTc HMPAO-labeled leukocyte brain SPECT, predicted a poor prognosis in acute human cerebral infarcts.21 Leukocyte infiltration in acute ischemia causes further ischemic neuronal damage through several possible mechanisms, including impaired microcirculation due to capillary occlusion by leukocytes,22 release of chemical mediators such as granular enzymes, reactive oxygen metabolites, and products of membrane phospholipases.23 Cytokines and expression of intercellular adhesion molecule-1 on the endothelial cells are presumably implicated in the processes of leukocyte infiltration,24 '25 but the precise mechanisms that mediate and regulate leukocyte infiltration are still unknown. Potential therapeutic interventions of leukocyte infiltration and its harmful effects are in development now, such as the use of leukocyte adhesion antibody,26 21-aminosteroids,2728 and platelet-activating factor antagonists.29
In conclusion, a new method to study and monitor the process of leukocyte infiltration using 9'mTc HMPAOlabeled leukocyte brain SPECT has been described. This method shows that leukocyte infiltration in acute hemispheric ischemic stroke is a dynamic process that persists for no less than 5 weeks and then declines.
